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Research  Summary 

Satellite-derived  vegetation  greenness  maps  of  the 
contiguous  United  States  have  been  available  to  fire 
managers  since  1 989.  These  maps  portray  vegetation 
greenness  on  a  weekly  basis  compared  to  a  very 
green  reference  and  to  the  maximum  historical  green- 
ness range.  This  report  describes  a  new  map,  depar- 
ture from  average,  which  is  designed  to  compare  cur- 
rent-year vegetation  greenness  to  average  greenness 
for  the  same  time  of  year  and  describes  its  relationship 
to  fire  business. 

Comparisons  of  the  departure  from  average  green- 
ness and  calculated  1 , 000-hour  fuel  moisture  trends 
to  fire  business  were  made  for  the  1993  and  1994  fire 
seasons  in  Montana  and  Idaho.  The  1 , 000-hour  fuel 
moisture  value  relates  to  the  moisture  content  of  large- 
diameter  dead  fuel  and  duff.  In  1993,  vegetation  was 
much  greener  than  average  as  the  fire  season  pro- 
gressed and  high  1 , 000-hour  fuel  moisture  values 
were  maintained.  Fire  occurrence  and  area  burned 
were  low.  In  1994,  fire  occurrence  and  area  burned 
increased  dramatically  as  vegetation  greenness  de- 
creased below  average  and  1,000-hour  fuel  moistures 
declined. 
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Introduction  

Satellite-derived  vegetation  index  maps  of  the 
contiguous  United  States  have  been  available  to  fire 
managers  since  1989.  In  early  1994,  the  data  were 
also  available  through  the  Weather  Information 
Management  System  (WIMS),  which  is  a  Forest 
Service,  U.S.  Department  of  Agriculture,  system  for 
collection  and  dissemination  of  land  management- 
related  data  and  software.  The  basic  data  source  for 
these  maps  is  the  Advanced  Very  High  Resolution 
Radiometer  (AVHRR).  The  U.S.  Geological  Survey, 
Earth  Resources  Observations  Systems  (EROS) 
Data  Center  (EDO  retrieves  the  satellite  data  daily, 
processes  it,  and  produces  normalized  difference 
vegetation  index  (NDVI)  maps  that  indicate  the 
quantity  of  actively  photosynthesizing  biomass  on 
the  landscape  (Eidenshink  1992).  Currently  EDC 
provides  weekly  updated  maps.  These  maps  are  sent 
electronically  to  WIMS  where  the  contiguous  United 
States  data  are  divided  into  smaller,  more  manage- 
able regional  datasets  that  can  be  downloaded  to 
personal  computers  or  workstations  at  individual 
sites  (Burgan  and  Hartford  1993). 

To  make  the  NDVI  more  useful  to  fire  managers, 
software  has  been  developed  to  produce  two  addi- 
tional maps  from  the  NDVI  data:  visual  greenness 
and  relative  greenness. 

Visual  greenness  maps  portray  current  NDVI 
compared  to  a  very  green  reference  such  as  an  al- 
falfa field.  On  visual  greenness  maps,  dry  areas 
typically  have  low  visual  greenness  values  because 
their  NDVI  values  are  usually  low,  and  lush  areas 
typically  have  high  visual  greenness  values  because 
their  NDVI  is  generally  high.  These  maps  provide  a 
standard  comparison  used  to  portray  regional  differ- 
ences in  vegetation  greenness  across  the  entire 
United  States.  Visual  greenness  values  range  fi^om 
0  to  100. 

Relative  greenness  maps  indicate  current  vegeta- 
tion greenness  compared  to  a  historically  observed 
NDVI  range.  On  relative  greenness  maps,  any  pixel 
appears  fully  green  when  the  NDVI  for  that  pixel 


reaches  its  maximum  value,  and  fully  cured  when 
the  NDVI  reaches  its  minimum  value.  Thus,  both 
dry  (Nevada)  and  lush  (western  Washington)  areas 
can  reach  relative  greenness  values  of  0  and  100 
percent  even  though  Nevada  has  much  sparser  veg- 
etation than  western  Washington. 

Both  maps  are  useful  when  assessing  seasonal 
changes  in  vegetation  condition.  However,  this  re- 
port describes  a  new  map,  departure  fi-om  average, 
that  is  designed  to  compare  current-year  vegetation 
greenness  with  average  vegetation  greenness  for  the 
same  time  of  year. 

Concept  

The  NDVI  profile  shows  annual  patterns  of  veg- 
etation development  fi-om  green-up  to  senescence 
(Reed  and  others  1994).  For  grasslands  of  the 
Northern  Plains,  green-up  begins  with  the  onset 
of  warm  temperatures  and  spring  rains  and  termi- 
nates with  the  dry  conditions  and  colder  tempera- 
tures of  autumn  (fig.  la).  For  a  northern  forest, 
green-up  begins  after  snowmelt  and  terminates  in 
late  summer  and  fall  along  with  drier  conditions 
and  senescence  (fig.  lb).  The  EROS  Data  Center  is 
accumulating  an  annual  series  of  NDVI  maps  and 
data,  beginning  with  1989. 

Clouds,  haze,  off-nadir  view  angles,  and  other  fac- 
tors reduce  NDVI  data  values  below  what  would  be 
obtained  under  ideal  viewing  conditions.  These 
problems  are  minimized  by  compositing  several 
daily  NDVI  images,  keeping  only  the  highest  NDVI 
value  observed  for  each  pixel. 

The  standard  compositing  period  is  14  days.  Al- 
though this  long  compositing  period  greatly  reduces 
cloud  contamination  and  other  problems,  it  also  de- 
lays recognition  of  vegetation  senescence.  Therefore, 
beginning  in  1996  EROS  will  also  provide  7-day  com- 
posites that  can  be  used  to  produce  visual  greenness, 
relative  greenness,  and  departure  fi-om  average 
greenness  maps  for  wildland  fire  management  use. 
The  shorter  compositing  period  wiU  permit  better 
monitoring  of  current  vegetation  condition.  The 
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Figure  1 — Different  vegetation  types  produce  different  seasonal  NDVI  profiles. 


NDVI  data  and  the  greenness  maps  derived  from  it 
have  a  ground  resolution  of  1  km. 

Over  the  6  years  of  recorded  data  (1989-1994),  the 
approximately  30  weekly  NDVI  updates  per  year 
(March  through  October)  generally  represent  simi- 
lar time  frames,  plus  or  minus  3  days.  Table  1  shows 
the  weekly  update  periods.  By  analyzing  the  time 
frames  for  each  weekly  update  period  it  is  possible 
to  calculate  the  mean  NDVI  for  each  1-km  pixel. 
Before  calculating  the  mean,  each  image  is  carefully 
screened  for  clouds  and  snow  to  prevent  inclusion  of 
abnormally  low  NDVI  values  in  the  mean.  As  a  re- 
sult not  all  means  for  each  pixel  will  include  six 
observations.  The  mean  NDVI  maps  are  updated 
annually. 

Figure  2  illustrates  how,  for  a  single  pixel,  the 
current  year's  NDVI  can  vary  around  the  seasonal 
mean  profile.  At  different  times  of  the  fire  season, 
the  1989  NDVI  values  are  both  above  and  below  the 
6-year  average.  The  departure  from  average  calcula- 
tion provides  a  meaningful  representation  of  these 
deviations  around  seasonal  mean  NDVI  values. 

The  specific  algorithm  for  producing  departure 
from  average  maps  is: 

DAt=  NDVIt/NDVIn,t*100 
where: 

NDVIt  =  NDVI  for  the  current  time  period 
NDVLjnt  =  mean  NDVI  for  the  current  time  period 
DAt  =  departure  from  average  NDVI  for  the 
current  period 

The  multiplier  of  100  is  used  to  scale  the  current 
period  departure  from  average  values  so  that  aver- 
age greenness  is  represented  by  a  value  of  100. 
Thus,  the  departure  from  average  map  can  also  be 
thought  of  as  a  percent  of  average  greenness  map. 

Computation  of  the  departure  fi"om  average  maps 
consists  of  processing  the  current  year's  weekly 


updated  NDVI  composite  maps  with  the  mean 
NDVI  map  for  the  associated  period.  This  is 
accomplished  on  a  work  station  with  a  software 
program  that  implements  the  described  algorithm. 

Figure  3  shows  the  1989  and  1991  departure  fi-om 
average  for  the  pixel  near  Red  River,  ID.  A  value  of 
100  represents  100  percent  of  the  mean  NDVI,  a 
value  of  96  indicates  current  NDVI  is  96  percent 
of  average.  The  departure  fi*om  average  profile  for 
these  2  years  is  considerably  different.  Until  late 
June  of  that  year,  1989  was  greener  than  average, 
then  more  cured  than  average  until  mid-September, 
while  1991  shows  a  different  seasonal  trace  for  the 
same  1-km  pixel. 


Table  1 — Approximate  NDVI  weekly  update  periods. 
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Figure  2— For  a  pixel  near  Red  River,  ID,  1989,  NDVI  is 
generally  above  average  until  mid-June,  then  it  is  below 
average. 


Figure  3— The  1989  and  1991  departure  from  average 
values  show  reverse  trends  for  the  Red  River  pixel. 


Departure  from  average  maps  of  Idaho  and  Mon- 
tana for  April,  July,  August,  and  September  1993 
and  1994  are  in  figure  4.  Pixels  indicating  clouds  or 
snow  (white)  were  not  used  in  any  analysis. 

The  spring  of  1993  was  cool  and  wet,  resulting  in 
a  delayed  green-up.  The  April  29  and  July  1  maps 
show  below-average  greenness  due  both  to  the  cool 
weather  and  to  consistent  cloud  cover,  which  re- 
duces NDVI  values.  The  remainder  of  1993  contin- 
ued wetter  than  normal  and  the  vegetation  condi- 
tion reflected  this  with  above  average  greenness 
as  shown  in  the  August  12  and  September  16  maps. 

Overall,  early  greenness  was  average  for  1994,  as 
the  equal  areas  above  and  below  average  greenness 
indicate  on  the  April  28  map.  May  and  June  were 
warm  and  sunny  resulting  in  an  exceptionally  green 
condition  for  Idaho  and  MontEuia  on  June  30,  before 
the  plants  were  water  stressed.  Continuation  of  the 
hot,  dry  weather  soon  caused  much  of  the  vegetation 
to  cure,  resulting  in  the  considerably  cured  condi- 
tions on  the  August  11  map.  These  conditions  con- 
tinued into  September. 

Data  Analysis  

For  the  departure  from  average  maps  to  be  useful 
for  fire  potential  assessments,  they  must  relate  to 
fire  size  and  number  of  fires.  We  expect  fire  activity 
will  be  lower  than  normal  when  vegetation  is  greener 
than  average  and  higher  when  vegetation  is  less 
green  than  average;  however,  dead  fiiel  moisture  is 
another  factor.  The  1,000-hour  fuels  (Fosberg  and 
others  1981)  (3-  to  8-inch  dead  roundwood)  respond 
to  wetting  and  drying  conditions  on  a  time  scale 
similar  to  living  vegetation.  Thus,  if  the  departure 
from  average  maps  indicate  below  average  vegeta- 
tion greenness  and  large  dead-fuel  moistures  are 
low,  significant  fire  activity  is  expected.  Low  fire  ac- 
tivity is  expected  if  both  values  are  high.  To  test  this 
concept,  1,000-hour  fuel  moisture,  number  of  fires, 
acres  burned,  and  NDVI  data  were  collected  for 
Idaho  and  Montana  for  1993  and  1994. 

Data  Collection 

We  calculated  25  departure  from  average  maps 
for  the  contiguous  United  States  at  weekly  intervals 
from  March  25  to  September  15  for  1993  and  1994; 
however,  just  Idaho  and  Montana  were  used  for  this 
analysis.  We  used  the  Geographic  Resources  Analy- 
sis Support  System  (GRASS)  (U.S.  Army  Corps  of 
Engineers  1993)  to  count  the  number  of  pixels  at  each 
departure  fi-om  average  value.  The  values  of  all  pixels 
within  Idaho  and  Montana  were  also  averaged  for 
each  weekly  interval  for  production  of  graphs  showing 
overall  trends  of  the  departure  fi-om  average. 


Daily  fire  reports  were  used  to  collect  statistics  on 
numbers  of  fires  and  acres  burned  by  date.  Weather 
data  stored  for  all  Montana  and  Idaho  fire  weather 
stations  reporting  to  the  WIMS  were  used  to  calcu- 
late 1,000-hour  fuel  moistures  for  1993  and  1994. 

A  Comparison  of  Seasons 

Figure  5  shows  a  seasonal  profile  of  the  1989 
through  1994  mean  NDVI  fi-om  March  to  September, 
averaged  for  all  pixels  in  Idaho  and  Montana,  as 
compared  to  NDVI  averages  over  all  Idaho  and 
Montana  pixels  for  1993  and  1994.  In  the  Pacific 
Northwest,  1993  was  an  exceptionally  cool,  wet  year 
while  1994  was  a  hot,  dry  year.  Thus,  these  2  years 
provide  greater  contrasts  than  expected  between 
more  typical  years. 

The  departure  from  average  maps  for  1993 
showed  NDVI  values  below  average  until  early  May 
(fig.  5).  The  rest  of  May,  June,  and  the  first  half  of 
July  vegetation  greenness  approximated  average. 
From  mid- July  into  September,  continuation  of  cool, 
rainy  weather  produced  above  average  vegetation 
greenness. 

The  spring  of  1994  was  warm,  with  below  normal 
snowpack,  resulting  in  an  approximately  average 
green-up  in  March  and  April,  then  greener  than  av- 
erage vegetation  in  May  and  June.  From  this  point 
on,  1994  was  unusually  hot  and  dry  and  the  NDVI 
profile  reflects  this. 

These  trends  are  also  shown  in  figure  6.  In  these 
plots,  an  X-axis  value  of  100  represents  100  percent 
of  average  greenness.  The  plot  for  April  29  (fig.  6a) 
shows  that  about  90  percent  of  Idaho  and  Montana 
had  below  average  greenness  for  that  date  in  1993, 
while  about  55  percent  had  below  average  greenness 
in  1994.  On  July  1  (fig.  6b)  about  60  percent  of 
Idaho  and  Montana  remained  below  average  green- 
ness in  1993  due  to  the  cool,  cloudy  weather.  How- 
ever, only  about  25  percent  of  the  area  had  below 
average  greenness  in  1994.  Up  to  this  point,  the 
vegetation  maps  did  not  indicate  that  1994  would 
be  an  exceptionally  active  fire  year,  but  the  warmth 
and  lack  of  rain  was  beginning  to  concern  fire  man- 
agers. By  early  August  1994  (fig.  6c),  the  lack  of  rain 
definitely  had  its  effect  on  vegetation.  About  90 
percent  of  Idaho  and  Montana  had  below  average 
greenness  and  the  fire  season  was  very  active. 

In  contrast,  only  10  percent  of  the  area  was  below 
average  greenness  in  1993  and  the  fire  season  was 
unusually  quiet.  By  September  15  (fig.  6d)  the  situa- 
tion in  1994  was  worse,  with  about  95  percent  of 
Idaho  and  Montana  experiencing  below  average 
greenness  and  the  fire  season  continuing.  However, 
1993  continued  to  show  record  low  fire  activity  with 
only  20  percent  of  the  area  at  below  average  greenness. 
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Figure  4 — Departure  fronn  average  greenness  for  Idaho  and  Montana  was 
considerably  different  between  1 993  and  1 994. 
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Figure  5 — Vegetation  greenness,  as  indicated  by  NDVI, 
was  above  average  from  mid-summer  to  fall  1993  and 
below  average  for  that  period  in  1 994. 
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Figure  6 — Vegetation  greenness  was  below  average  (X-axis  value  of  100)  in  spring  and 
early  summer  1993  due  to  cool,  wet  weather  then  above  average  in  late  summer  and 
early  fall  for  the  same  reason.  The  year  1994  showed  an  opposite  trend  due  to 
continuing  warm  and  dry  weather  all  growing  season. 


A  more  complete  picture  of  fire  potential  is  accom- 
plished with  inclusion  of  1,000-hour  fuel  moisture  than 
with  just  vegetation  greenness.  Figure  7  compares  both 
departure  fi-om  average  greenness  and  1,000-hour  fiiel 
moisture  with  number  of  fires  and  acres  burned.  The 
1,000-hour  fiiel  moisture  is  calculated  for  each  fire  dan- 
ger weather  station  fi-om  2:00  p.m.  observations  of  dry 
bulb  temperature,  relative  humidity,  and  rainfall. 

The  1,000-hour  fuel  moisture  average  for  all  fire 
weather  stations  in  Idaho  and  Montana  was  higher 
in  1993  (15  to  23  percent)  than  1994  (10  to  18  per- 
cent) (fig.  7a).  The  1,000-hour  fiael  moisture  was 
generally  lower  in  1994,  with  the  lowest  average 
value  10  percent.  This  is  a  dry  average  for  such  a 
large  area,  and  some  weather  stations  reported  even 
lower  values.  The  1,000-hour  fiiel  moisture  values 
below  about  15  percent  indicate  onset  of  significant 
fire  potential  for  this  geographic  area. 

A  comparison  of  fire  activity  during  1993  and 
1994  with  1,000-hour  fuel  moisture  and  greenness 
indicates  that  fire  potential  is  inversely  related  to 


these  values.  The  number  of  fires  and  acres  burned 
is  low  throughout  1993  (fig.  7c,d),  with  the  number  of 
fires  increasing  slowly  fi-om  Jime  through  September. 
There  was  slightly  more  activity  during  August  as 
the  1,000-hour  fuel  moisture  declined;  however, 
with  more  than  average  green  vegetation  (fig.  7b), 
fire  activity  was  minimal  all  year. 

The  picture  in  1994  was  considerably  different. 
While  the  number  of  fires  increased  modestly  dur- 
ing most  of  June,  the  rate  of  fire  occurrence  in- 
creased significantly  near  the  end  of  June,  when 
1,000-hour  fuel  moisture  dropped  below  15  percent 
(fig.  7a,c).  At  the  end  of  July,  when  the  greenness 
approached  90  percent  of  average  (fig.  7b),  the  fire 
occurrence  increased  dramatically  (fig.  7c),  although 
acreage  burned  did  not  dramatically  increase  until 
mid-August  (fig.  7d). 

As  1,000-hour  fuel  moisture  and  vegetation  green- 
ness continued  to  decrease,  acres  burned  increased 
dramatically  and  fire  problems  continued  as  1,000-hour 
fiiel  moisture  and  vegetation  greenness  remained  very 
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Figure  7 — Fire  activity  remained  low  in  1993,  a  year  in  which  1 ,000-hour  fuel  moisture  and 
vegetation  greenness  both  remained  high.  Number  of  fires  and  area  burned  increased 
significantly  in  1994  when  the  1 ,000-hour  fuel  moisture  was  low  and  vegetation  greenness 
was  below  average. 
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low.  Thus,  these  indexes  appear  to  be  good  indica- 
tors of  fire  activity.  The  first  year  that  no  smoke- 
jumpers  were  dispatched  fi"om  the  Missoula  Jump 
Base  was  1993,  when  fire  activity  was  at  a  record 
low.  Conversely,  1994  was  one  of  the  most  active 
fire  years  on  record,  rivaled  only  by  other  major 
fire  years  such  as  1988. 

Conclusions  

The  departure  from  average  map  relates  current- 
year  vegetative  greenness  to  average  vegetative 
greenness  for  the  same  time  of  year.  While  this  is 
useful  information,  it  relates  only  to  the  quantity  of 
live  vegetation  that  has  a  relatively  high  moisture 
content.  The  moisture  content  of  dead  vegetation  is 
also  critical  and  is  represented  for  large  dead  fuels 
by  the  1,000-hour  fuel  moisture.  A  combined  assess- 
ment of  both  departure  from  average  and  1,000-hour 


fuel  moisture  may  be  useful  for  broad-scale  fire  po- 
tential assessment,  although  additional  research 
is  required  to  determine  the  strength  of  such  a 
relationship. 

References  

U.S.  Army  Corps  of  Engineers.  1993.  GRASS  4.1  user's  reference 
manual.  Champaign,  IL:  Construction  Engineering  Research 
Laboratories.  563  p. 

Burgan,  Robert  E.;  Hartford,  Roberta  A.  1993.  Monitoring  vegeta- 
tion greenness  with  satelHte  data.  Gen.  Tech.  Rep.  INT-297. 
Ogden,  UT:  U.S.  Department  of  Agriculture,  Forest  Service, 
Intermountain  Research  Station.  13  p. 

Eidenshink,  Jeffery  C.  1992.  The  1990  conterminous  U.S.  AVHRR 
data  set.  Photogrammetric  Engineering  and  Remote  Sensing. 
58(6):  809-813. 

Fosberg,  Michael  A.;  Rothermel,  Richard  C;  Andrews,  Patricia  L. 

1981.  Moisture  content  calculations  for  1,000-hour  timelag  fuels. 

Forest  Science.  27:  19-26. 
Reed,  Bradley;  Brown,  Jesslyn  F.;  VanderZee,  Barrel;  Loveland, 

Thomas  R;  Merchant,  James  W.  1994.  Measuring  phenological 

variability  from  satellite.  Journal  of  Vegetation  Science. 

5:  703-714. 


8 


Burgan,  Robert  E.;  Hartford,  Roberta  A.;  Eidenshink,  Jeffery  C.  1996.  Using  NDVI  to 
assess  departure  from  average  greenness  and  its  relation  to  fire  business.  Gen.  Tech. 
Rep.  INT-GTR-333.  Ogden,  UT:  U.S.  Department  of  Agriculture,  Forest  Service, 
Intermountain  Researcli  Station.  8  p. 

A  new  satellite-derived  vegetation  greenness  map,  departure  from  average,  is  designed 
to  compare  current-year  vegetation  greenness  withi  average  greenness  for  the  same  time 
of  year.  Live-fuel  condition  as  portrayed  on  this  map,  and  the  calculated  1 ,000-hour  fuel 
moistures,  are  compared  to  fire  occurrence  and  area  burned  in  Montana  and  Idaho  during 
the  1 993  and  1 994  fire  seasons. 


Keywords:  satellites,  fuels,  vegetation  condition,  moisture,  fire 


Federal  Recycling  Program^2i  Printed  on  Recycled  Paper 


The  Intermountain  Research  Station  provides  scientific  knowledge  and  technology  to  im- 
prove management,  protection,  and  use  of  the  forests  and  rangelands  of  the  Intermountain 
West.  Research  is  designed  to  meet  the  needs  of  National  Forest  managers.  Federal  and 
State  agencies,  industry,  academic  institutions,  public  and  private  organizations,  and  individu- 
als. Results  of  research  are  made  available  through  publications,  symposia,  workshops, 
training  sessions,  and  personal  contacts. 

The  Intermountain  Research  Station  territory  includes  Montana,  Idaho,  Utah,  Nevada,  and 
western  Wyoming.  Eighty-five  percent  of  the  lands  in  the  Station  area,  about  231  million 
acres,  are  classified  as  forest  or  rangeland.  They  include  grasslands,  deserts,  shrublands, 
alpine  areas,  and  forests.  They  provide  fiber  for  forest  industries,  minerals  and  fossil  fuels  for 
energy  and  industrial  development,  water  for  domestic  and  industrial  consumption,  forage  for 
livestock  and  wildlife,  and  recreation  opportunities  for  millions  of  visitors. 

Several  Station  units  conduct  research  in  additional  western  States,  or  have  missions  that 
are  national  or  international  in  scope. 

Station  laboratories  are  located  in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana  State  University) 
Logan,  Utah  (in  cooperation  with  Utah  State  University) 
Missoula,  Montana  (in  cooperation  with  the  University  of  Montana) 
Moscow,  Idaho  (in  cooperation  with  the  University  of  Idaho) 
Ogden,  Utah 

Provo,  Utah  (in  cooperation  with  Brigham  Young  University) 
Reno,  Nevada  (in  cooperation  with  the  University  of  Nevada) 

The  United  States  Department  of  Agriculture  (USDA)  prohibits  discrimination  in  its  programs 
on  the  basis  of  race,  color,  national  origin,  sex,  religion,  age,  disability,  political  beliefs,  and 
marital  or  familial  status.  (Not  all  prohibited  bases  apply  to  all  programs.)  Persons  with  disabili- 
ties who  require  alternative  means  of  communication  of  program  information  (braille,  large 
print,  audiotape,  etc.)  should  contact  the  USDA  Office  of  Communications  at  (202)  720-2791 . 

To  file  a  complaint,  write  the  Secretary  of  Agriculture,  U.S.  Department  of  Agriculture, 
Washington,  DC  20250,  or  call  (202)  720-7327  (voice)  or  (202)  720-1 127  (TDD).  USDA  is 
an  equal  employment  opportunity  employer. 


